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ELASTIC WAVE RESONATOR AND LADDER
FILTER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2014-214482 filed on Oct. 21, 2014
and 1s a Continuation Application of PCT Application No.
PCT/IP2015/078315 filed on Oct. 6, 2015. The entire con-

tents of each application are hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an elastic wave resonator
including multiple divided resonators that are divided in
series and a ladder filter including the elastic wave resonator.

2. Description of the Related Art

Elastic wave filters each including multiple elastic wave
resonators have hitherto been widely used 1n, for example,
bandpass filters 1n cellular phones.

Japanese Unexamined Patent Application Publication No.
57-119509 discloses an elastic wave resonator composing
such an elastic wave filter. In Japanese Unexamined Patent
Application Publication No. 37-119309, an interdigital
transducer (IDT) electrode defining the elastic wave reso-
nator 1s divided 1n series in a direction 1n which electrode
fingers extend.

Japanese Unexamined Patent Application Publication No.
2003-324335 discloses a ladder filter including multiple
clastic wave resonators. In Japanese Unexamined Patent
Application Publication No. 200-324335, a configuration 1s
described in which dummy electrode fingers are provided 1n
an IDT electrode that 1s not divided 1n series.

In the elastic wave resonator including the IDT electrode
that 1s divided 1n series, as 1n Japanese Unexamined Patent
Application Publication No. 57-119509, the electric power
handling capability 1s improved. However, the loss 1s likely
to increase 1f elastic waves leak out from the resonator.

When the dummy electrode fingers are provided in the
IDT electrode, as 1n Japanese Unexamined Patent Applica-
tion Publication No. 2003-324335, leakage of the elastic
waves 1s capable of being suppressed. However, when the
dummy electrode fingers described 1n Japanese Unexamined
Patent Application Publication No. 2003-324335 are pro-
vided 1n the IDT electrode that 1s divided 1n series, described
in Japanese Unexamined Patent Application Publication No.
57-119509, 1t 1s diflicult to reduce the size.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
an elastic wave resonator and a ladder filter capable of
reducing their sizes and achieving low loss.

In an elastic wave resonator according to a first aspect of
various prelerred embodiments of the present invention,
multiple divided resonators that are divided in series are
provided on a piezoelectric substrate 1n a direction perpen-
dicular or substantially perpendicular to an elastic wave
propagation direction and each of the multiple divided
resonators includes an interdigital transducer (IDT) elec-
trode. The elastic wave resonator includes first and second
outer busbars that are positioned at both outermost sides 1n
the direction perpendicular or substantially perpendicular to
the elastic wave propagation direction; a first interstage
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busbar that electrically connects two adjacent IDT elec-
trodes to each other in the direction perpendicular or sub-
stantially perpendicular to the elastic wave propagation
direction; multiple first electrode fingers one end of each of
which 1s connected to the first outer busbar; multiple second
clectrode fingers one end of each of which 1s connected to
the first interstage busbar and which are interdigitated with
the first electrode fingers; multiple third electrode fingers
one end of each of which 1s connected to a side opposite to
the side where the multiple second electrode fingers are
provided of the first interstage busbar; multiple fourth elec-
trode fingers interdigitated with the multiple third electrode
fingers; multiple first dummy electrode fingers one end of
cach of which 1s connected to the first outer busbar and
which are each arranged so as to oppose the corresponding
second electrode finger with a gap mterposed therebetween;
and multiple second dummy electrode fingers one end of
cach of which 1s connected to the second outer busbar.
Multiple third dummy electrode fingers one end of each of
which 1s connected to the first interstage busbar are not
provided at at least one of a side where the second electrode
fingers are provided and a side where the third electrode
fingers are provided of the first interstage busbar or the
multiple third dummy electrode fingers having a length
smaller than the lengths of the multiple first and second
dummy electrode fingers are further provided at at least one
ol a side where the second electrode fingers are provided and
a side where the third electrode fingers are provided of the
first interstage busbar in the direction perpendicular or
substantially perpendicular to the elastic wave propagation
direction. The third electrode fingers are arranged on an
extension to which the second electrode fingers extend with
the first interstage busbar interposed therebetween in the
direction perpendicular or substantially perpendicular to the
clastic wave propagation direction. The pitch of the elec-
trode fingers in a portion where the first and second electrode
fingers are interdigitated with each other i1s equal or sub-
stantially equal to the pitch of the electrode fingers 1n a
portion where the third and fourth electrode fingers are
interdigitated with each other.

In a specific aspect of the elastic wave resonator accord-
ing to the first aspect of the various preferred embodiments
of the present invention, when the IDT electrode for which
the first outer busbar 1s provided 1s a first IDT electrode and
the IDT electrode adjacent to the first IDT electrode 1n the
direction perpendicular or substantially perpendicular to the
clastic wave propagation direction 1s a second IDT elec-
trode, the phase and the wavelength of elastic waves propa-
gated through the first IDT electrode coincide with the phase
and the wavelength of elastic waves propagated through the
second IDT electrode.

In an elastic wave resonator according to a second aspect
of the various preferred embodiments of the present inven-
tion, multiple divided resonators that are divided 1n series
are provided on a piezoelectric substrate 1n a direction
perpendicular or substantially perpendicular to an elastic
wave propagation direction and each of the multiple divided
resonators includes an IDT electrode. The elastic wave
resonator includes first and second outer busbars that are
positioned at both outermost sides 1n the direction perpen-
dicular or substantially perpendicular to the elastic wave
propagation direction; a first interstage busbar that electri-
cally connects two adjacent IDT electrodes to each other 1n
the direction perpendicular or substantially perpendicular to
the elastic wave propagation direction; multiple first elec-
trode fingers one end of each of which 1s connected to the
first outer busbar; multiple second electrode fingers one end
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of each of which 1s connected to the first interstage busbar
and which are interdigitated with the first electrode fingers;
multiple third electrode fingers one end of each of which 1s
connected to a side opposite to the side where the multiple
second electrode fingers are provided of the first interstage
busbar; multiple fourth electrode fingers interdigitated with
the multiple third electrode fingers; multiple first dummy
clectrode fingers one end of each of which 1s connected to
the first outer busbar and which are each arranged so as to
oppose the corresponding second electrode finger with a gap
interposed therebetween; and multiple second dummy elec-
trode fingers one end of each of which 1s connected to the
second outer busbar. Multiple third dummy electrode fingers
one end of each of which 1s connected to the first interstage
busbar are not provided at at least one of a side where the
second electrode fingers are provided and a side where the
third electrode fingers are provided of the first interstage
busbar or the multiple third dummy electrode fingers having
a length smaller than the lengths of the multiple first and
second dummy electrode fingers are further provided at at
least one of a side where the second electrode fingers are
provided and a side where the third electrode fingers are
provided of the first interstage busbar 1n the direction
perpendicular or substantially perpendicular to the elastic
wave propagation direction. When the IDT electrode for
which the first outer busbar 1s provided 1s a first IDT
clectrode and the IDT electrode adjacent to the first IDT
clectrode in the direction perpendicular or substantially
perpendicular to the elastic wave propagation direction 1s a
second IDT electrode, the phase and the wavelength of
clastic waves propagated through the first IDT electrode
coincide with the phase and the wavelength of elastic waves
propagated through the second IDT electrode.

In a specific aspect of an elastic wave resonator according,
to the second aspect of the various preferred embodiments of
the present invention, the third electrode fingers are arranged
on an extension to which the second electrode fingers extend
with the first iterstage busbar iterposed therebetween in
the direction perpendicular or substantially perpendicular to
the elastic wave propagation direction, and the pitch of the
clectrode fingers 1n a portion where the first and second
clectrode fingers are interdigitated with each other 1s equal
or substantially equal to the pitch of the electrode fingers 1n
a portion where the third and fourth electrode fingers are
interdigitated with each other.

The first and second aspects may be hereinafter collec-
tively referred to as the present aspect.

In another specific aspect of the elastic wave resonator
according to various preferred embodiments of the present
invention, the multiple third dummy electrode fingers one
end of each of which i1s connected to the first interstage
busbar are not provided at both the side where the second
clectrode fingers are provided and the side where the third
clectrode fingers are provided of the first interstage busbar.

In another specific aspect of an elastic wave resonator
according to various preferred embodiments of the present
invention, the multiple third dummy electrode fingers one
end of each of which 1s connected to the first interstage
busbar are provided at one of the side where the second
clectrode fingers are provided and the side where the third
clectrode fingers are provided of the first interstage busbar,
and the multiple third dummy electrode fingers are not
provided at the other side of the side where the second
clectrode fingers are provided and the side where the third
clectrode fingers are provided of the first interstage busbar.

In another specific aspect of an elastic wave resonator
according to various preferred embodiments of the present
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invention, the multiple third dummy electrode fingers one
end of each of which 1s connected to the first interstage
busbar are provided at both the side where the second
clectrode fingers are provided and the side where the third
clectrode fingers are provided of the first interstage busbar,
and the length of the multiple third dummy electrode fingers
1s smaller than the lengths of the multiple first and second
dummy electrode fingers in the direction perpendicular or
substantially perpendicular to the elastic wave propagation
direction.

In another specific aspect of the elastic wave resonator
according to the present aspect, one end of each of the
multiple fourth electrode fingers 1s connected to the second
outer busbar, and the other end of each of the multiple
second dummy electrode fingers at a side where the multiple
second dummy electrode fingers are not connected to the
second outer busbar 1s arranged so as to oppose the corre-
sponding third electrode finger with a gap interposed ther-
cbetween.

In another specific aspect of an elastic wave resonator
according to various preferred embodiments of the present
invention, the elastic wave resonator further includes a
second interstage busbar to which one end of each of the
multiple fourth electrode fingers 1s connected and which
clectrically connects two adjacent IDT electrodes to each
other in the direction perpendicular or substantially perpen-
dicular to the elastic wave propagation direction; multiple
fifth electrode fingers one end of each of which 1s connected
to a side opposite to the side where the multiple fourth
clectrode fingers are provided of the second interstage
busbar; and multiple sixth electrode fingers interdigitated
with the multiple fifth electrode fingers. Multiple fourth
dummy e¢lectrode fingers one end of each of which is
connected to the second interstage busbar are not provided
at at least one of a side where the fourth electrode fingers are
provided and a side where the fifth electrode fingers are
provided of the second interstage busbar or the multiple
fourth dummy electrode fingers having a length smaller than
the lengths of the multiple first and second dummy electrode
fingers are further provided at at least one of a side where the
fourth electrode fingers are provided and a side where the
fifth electrode fingers are provided of the second interstage
busbar 1n the direction perpendicular or substantially per-
pendicular to the elastic wave propagation direction.

In another specific aspect of an elastic wave resonator
according to various preferred embodiments of the present
invention, the fifth electrode fingers are arranged on an
extension to which the fourth electrode fingers extend with
the second interstage busbar interposed therebetween 1n the
direction perpendicular or substantially perpendicular to the
clastic wave propagation direction, and the pitch of the
clectrode fingers in a portion where the third and fourth
clectrode fingers are interdigitated with each other 1s equal
or substantially equal to the pitch of the electrode fingers 1n
a portion where the fifth and sixth electrode fingers are
interdigitated with each other.

In another specific aspect of an elastic wave resonator
according to various preferred embodiments of the present
invention, when the IDT electrode for which the first outer
busbar 1s provided 1s a first IDT electrode, the IDT electrode
adjacent to the first IDT electrode 1n the direction perpen-
dicular or substantially perpendicular to the elastic wave
propagation direction 1s a second IDT electrode, and the IDT
clectrode adjacent to the second IDT electrode at a side
opposite to the side where the second IDT electrode 1is
adjacent to the first IDT electrode 1n the direction perpen-
dicular or substantially perpendicular to the elastic wave
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propagation direction 1s a third IDT electrode, the phase and
the wavelength of elastic waves propagated through the
second IDT electrode coincide with the phase and the
wavelength of elastic waves propagated through the third
IDT electrode.

In another specific aspect of an elastic wave resonator
according to various preferred embodiments of the present
invention, one end of each of the multiple sixth electrode
fingers 1s connected to the second outer busbar, and the other
end of each of the multiple second dummy electrode fingers
at a side where the multiple second dummy electrode fingers
are not connected to the second outer busbar 1s arranged so
as to oppose the corresponding {ifth electrode finger with a
gap iterposed therebetween.

A ladder filter according to another aspect of various
preferred embodiments of the present invention includes
multiple series arm resonators provided on a series arm
connecting an input terminal to an output terminal, and
multiple parallel arm resonators provided for multiple par-
allel arms connecting the series arm to ground potential. At
least one resonator of the multiple series arm resonators and
the multiple parallel arm resonators 1s any one of the elastic
wave resonators according to various preferred embodi-
ments of the present invention described above.

According to the various preferred embodiments of the
present mvention, 1t 1s possible to provide an elastic wave
resonator and a ladder filter capable of reducing their size
and achieving low loss.

The above and other elements, features, steps, character-
1stics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view of an elastic wave
resonator according to a first preferred embodiment of the
present mvention.

FIG. 2 1s a schematic plan view of an elastic wave
resonator according to a second preferred embodiment of the
present invention.

FIG. 3 1s a schematic plan view of an elastic wave
resonator according to a third preferred embodiment of the
present invention.

FIG. 4 1s a schematic plan view of an elastic wave
resonator according to a fourth preferred embodiment of the
present invention.

FIG. 5 1s a schematic plan view of an elastic wave
resonator according to a fifth preferred embodiment of the
present invention.

FIG. 6 1s a circuit diagram of a ladder filter according to
a preferred embodiment of the present mvention.

FIG. 7 1s a graph 1llustrating attenuation-frequency char-
acteristics of the ladder filter.

FIG. 8 1s a schematic plan view of an elastic wave
resonator composing a ladder filter 1n a comparative
example.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The present mvention will herein be demonstrated by
describing specific preferred embodiments of the present
invention with reference to the attached drawings.
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The preferred embodiments described 1n this description
are only examples and the components in different preferred

embodiments may be partially replaced or combined with
cach other.

First Preferred Embodiment

FIG. 1 1s a schematic plan view of an elastic wave
resonator according to a first preferred embodiment of the
present mvention. As illustrated 1n FIG. 1, an elastic wave
resonator 1 1ncludes a piezoelectric substrate 2 of a rectan-
gular or substantially rectangular plate shape, for example.
The piezoelectric substrate 2 1s made of a piezoelectric
single crystal substrate including [L1TaO, or LiNbO,. The
piezoelectric substrate 2 may be made of piezoelectric
ceramics.

First and second divided resonators 1A and 1B are pro-
vided on a main surface of the piezoelectric substrate 2. The
first and second divided resonators 1A and 1B are divided 1n
series 1n a direction perpendicular or substantially perpen-
dicular to an elastic wave propagation direction. More
specifically, the second divided resonator 1B 1s connected 1n
series to the first divided resonator 1A in the direction
perpendicular or substantially perpendicular to the elastic
wave propagation direction.

The first divided resonator 1A 1s defined by a first IDT
clectrode 3 and reflectors 5 and 6 arranged at both sides of
the first IDT electrode 3 in the elastic wave propagation
direction. The second divided resonator 1B 1s defined by a
second IDT electrode 4 and the reflectors 5 and 6 arranged
at both sides of the second IDT electrode 4 in the elastic
wave propagation direction. The first and second IDT elec-
trodes 3 and 4 are adjacent to each other in the direction
perpendicular or substantially perpendicular to the elastic
wave propagation direction. The reflectors 3 and 6 are
shared between the first and second divided resonators 1A
and 1B. The first and second IDT electrodes 3 and 4 and the
reflectors 5 and 6 are disposed on the main surface of the
piezoelectric substrate 2.

The first and second IDT electrodes 3 and 4 may be made
ol an appropriate metallic material, such as Al, Cu, Pt, Au,
Ag, T1, N1, Cr, Mo, W, or alloy containing any of the above
metals as a major component. Each of the first and second
IDT electrodes 3 and 4 may include a single layer or may be
a multilayer body in which metallic layers of two kinds or
more are laminated.

The first IDT electrode 3 includes multiple first electrode
fingers 3a and multiple second electrode fingers 3b. The
multiple first electrode fingers 3a and the multiple second
clectrode fingers 36 extend 1n the direction perpendicular or
substantially perpendicular to the elastic wave propagation
direction. The multiple first electrode fingers 3a are inter-
digitated with the multiple second electrode fingers 3b.

One end of each of the multiple first electrode fingers 3a
1s connected to a first outer busbar 7. The first outer busbar
7 1s a busbar at one side, 1n the busbars positioned at both
outermost sides in the direction perpendicular or substan-
tially perpendicular to the elastic wave propagation direc-
tion.

One end of each of multiple first dummy electrode fingers
12 1s connected to the first outer busbar 7. The other end of
cach of the multiple first dummy electrode fingers 12 1is
arranged so as to oppose the corresponding second electrode
finger 36 of the first IDT electrode 3 with a gap interposed
therebetween. The provision of the multiple first dummy
clectrode fingers 12 eflectively prevents external leakage of
clastic waves described below.
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One end of each of the multiple second electrode fingers
3b 1s connected to a first interstage busbar 9. The first
interstage busbar 9 1s integrally provided as one common
busbar that electrically connects the first IDT electrode 3 and
the second IDT electrode 4 to each other, which define the
two adjacent divided resonators, 1n the direction perpendicu-
lar or substantially perpendicular to the elastic wave propa-
gation direction.

The second IDT electrode 4 includes multiple third elec-
trode fingers 4a and multiple fourth electrode fingers 45. The
multiple third electrode fingers 4a and the multiple fourth
clectrode fingers 4b extend 1n the direction perpendicular or
substantially perpendicular to the elastic wave propagation
direction. The multiple third electrode fingers 4a are inter-
digitated with the multiple fourth electrode fingers 45.

One end of each of the multiple third electrode fingers 4a
1s connected to a side opposite to the side where the multiple
second electrode fingers 35 are provided of the first inter-
stage busbar 9.

One end of each of the multiple fourth electrode fingers 45
1s connected to a second outer busbar 8. The second outer
busbar 8 1s a busbar at a side diflerent from the side of the
first outer busbar 7, in the busbars positioned at both
outermost sides 1n the direction perpendicular or substan-
tially perpendicular to the elastic wave propagation direc-
tion.

One end of each of multiple second dummy electrode
fingers 13 1s connected to the second outer busbar 8. The
other end of each of the multiple second dummy electrode
fingers 13 opposes the corresponding third electrode finger
da of the second IDT electrode 4 with a gap interposed
therebetween. The provision of the multiple second dummy
clectrode fingers 13 significantly reduces the external leak-
age ol the elastic waves.

In the present preferred embodiment, the first IDT elec-
trode 3 and the second IDT electrode 4 are provided so as to
include the same number of pairs of the electrode fingers and
the same 1ntersecting width. Although the first IDT electrode
3 and the second IDT electrode 4 may be provided so as to
include different numbers of pairs of the electrode fingers
and different intersecting widths 1n a preferred embodiment
of the present invention, it 1s desirable that the first IDT
clectrode 3 and the first IDT electrode 3 be provided to
include the same number of pairs of the electrode fingers and
the same intersecting width, as 1n the present preferred
embodiment, for example. This significantly reduces varia-
tion 1n capacitance and equalizes power applied to each
stage, thus further improving the electric power handling
capability.

As 1llustrated 1 FIG. 1, the third electrode fingers 4a of
the second IDT electrode 4 are arranged on an extension to
which the second electrode fingers 35 of the first IDT
clectrode extend with the first interstage busbar 9 interposed
therebetween. In the present preferred embodiment, the
second electrode fingers 35 of the first IDT electrode 3 are
arranged so as to be axisymmetric with the third electrode
fingers 4a of the second IDT electrode 4 with respect to the
axis of symmetry, which 1s the first interstage busbar 9.

Although the width of the first interstage busbar 9 1s not
specifically limited, the width of the first interstage busbar 9
1s preferably about 1A or less, for example. Here, A denotes
the wavelength defined by the pitch of the IDT electrode. It
the width of the first interstage busbar 9 exceeds about 1A,
vibration may be attenuated. With the objective of further
reducing the size, the width of the first interstage busbar 9
1s more preferably about A/3 or less and 1s further preferably
about A/4 or less, for example. In addition, the width of the

10

15

20

25

30

35

40

45

50

55

60

65

8

first 1interstage busbar 9 1s preferably smaller than or equal
to the widths of the first and second outer busbars 7 and 8.

The width of the first interstage busbar 9 1s further preferably
smaller than the widths of the first and second outer busbars
7 and 8, for example.

In the first preferred embodiment, the third electrode
fingers 4a of the second IDT electrode 4 are arranged on the
extension to which the second electrode fingers 36 of the
first IDT electrode 3 extend, as described above. In addition,
as 1llustrated 1n FIG. 1, the pitch of the electrode fingers 1n
a portion where the first and second electrode fingers 3a and
3b are interdigitated with each other i1s equal or substantially
equal to the pitch of the electrode fingers 1n a portion where
the third and fourth electrode fingers 4a and 45 are inter-
digitated with each other. As described above, the pitch 1n
this description means the pitch of the electrode fingers in
the portion where the electrode fingers are interdigitated
with each other in the IDT electrode. Since the adjacent first
and second divided resonators 1A and 1B are capable of
being oscillated when the pitches of the electrode fingers are
equal or substantially equal to each other in the above
manner, low loss 1s achieved.

The first and second dummy electrode fingers 12 and 13
are provided for the first and second outer busbars 7 and 8,
respectively. Accordingly, it 1s possible to prevent the exter-
nal leakage of the elastic waves to achieve the low loss.

It 1s possible to achieve the low loss 1f the phase and the
wavelength of the elastic waves propagated through the first
IDT electrode 3 coincide with the phase and the wavelength
of the elastic waves propagated through the second IDT
clectrode 4 even when the elastic wave resonator 1 does not
include the above configuration 1n which the third electrode
fingers 4a are arranged on the extension to which the second
clectrode fingers 3b extend and the pitches of the electrode
fingers of the adjacent first and second IDT electrodes 3 and
4 are equal or substantially equal to each other. The wave-
length of the elastic waves 1s defined by the pitch of the
clectrode fingers.

In addition, in the first preferred embodiment, multiple
third dummy electrode fingers one end of each of which 1s
connected to the first interstage busbar 9 are not provided at
both a side where the second eclectrode fingers 356 are
provided and a side where the third electrode fingers 4a are
provided of the first interstage busbar 9. Accordingly, it 1s
possible to reduce the size. When the multiple third dummy
clectrode fingers are not provided for the first interstage
busbar 9, the loss may be increased. However, the low loss
1s achuieved by adopting the above configuration 1llustrated
in FIG. 1 1n the present preferred embodiment. Accordingly,
it 1s possible to reduce the loss while reducing the size.

Specifically, the wavelength and the phase of the elastic
waves oscillated 1n the first IDT electrode 3 coincide with
the wavelength and the phase of the elastic waves oscillated
in the second IDT electrode 4 when the elastic waves are
propagated from the first IDT electrode 3 to the second IDT
clectrode 4 through the first interstage busbar 9. This allows
energy loss of the elastic waves to be significantly reduced
or prevented.

Second Preterred Embodiment

FIG. 2 1s a schematic plan view of an elastic wave
resonator according to a second preferred embodiment of the
present invention. In an elastic wave resonator 21 according
to the second preferred embodiment, multiple third dummy
clectrode fingers 14, one end of each of which 1s connected
to the first interstage busbar 9, are provided at the side where
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the second electrode fingers 35 of the first mterstage busbar
9 are provided. The other end of each of the third dummy
clectrode fingers 14 1s arranged so as to oppose the corre-
sponding first electrode finger 3a of the first IDT electrode
3 with a gap interposed therebetween. In the second pre-
ferred embodiment, the multiple third dummy electrode
fingers one end of each of which 1s connected to the first
interstage busbar 9 are not provided at the side where the
third electrode fingers 4a of the first interstage busbar 9 are
provided. The remaining structure preferably 1s the same as
that of the first preferred embodiment.

In the second preferred embodiment, since the third
dummy electrode fingers 14 are provided at the side where
the second electrode fingers 35 of the first interstage busbar
9 are provided, as described above, the low loss 1s further
achieved. In contrast, since the third dummy electrode
fingers are not provided at the side where the third electrode
fingers 4a of the first interstage busbar 9 are provided, the
s1ze 1s reduced. Accordingly, it 1s possible to achieve the low
loss while reducing the size. A portion of the third dummy
clectrode fingers 14 arranged at the side where the second
clectrode fingers 356 of the first interstage busbar 9 may not
be provided are provided.

Third Preterred Embodiment

FIG. 3 1s a schematic plan view of an elastic wave
resonator according to a third preferred embodiment of the
present invention. In an elastic wave resonator 31 according,
to the third preferred embodiment, the multiple third dummy
clectrode fingers 14, one end of each of which 1s connected
to the first interstage busbar 9, are provided at the side where
the third electrode fingers 4a of the first interstage busbar 9
are provided. The other end of each of the third dummy
clectrode fingers 14 1s arranged so as to oppose the corre-
sponding fourth electrode finger 45 of the second IDT
clectrode 4 with a gap interposed therebetween. In the third
preferred embodiment, the multiple third dummy electrode
fingers, one end of each of which 1s connected to the first
interstage busbar 9, are not provided at the side where the
second electrode fingers 36 of the first interstage busbar 9
are provided. The remaining structure preferably 1s the same
as that of the first preferred embodiment.

In the third preferred embodiment, since the third dummy
clectrode fingers 14 are provided at the side where the third
clectrode fingers 4a of the first interstage busbar 9 are
provided, as described above, the low loss 1s further
achieved. In addition, since the third dummy electrode
fingers are not provided at the side where the second
clectrode fingers 356 of the first interstage busbar 9 are
provided, the size 1s reduced. Accordingly, it 1s possible to
achieve the low loss while reducing the size.

Fourth Preferred Embodiment

FIG. 4 1s a schematic plan view of an elastic wave
resonator according to a fourth preferred embodiment of the
present invention. In an elastic wave resonator 41 according
to the fourth preferred embodiment, the multiple third
dummy electrode fingers 14, one end of each of which 1is
connected to the first interstage busbar 9, are provided at
both the side where the second electrode fingers 36 are
provided and the side where the third electrode fingers 4a are
provided. The other end of each of the multiple third dummy
clectrode fingers 14 1s arranged so as to oppose the corre-
sponding first electrode finger 3a or the corresponding
fourth electrode finger 45 with a gap interposed therebe-
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tween. In the direction perpendicular or substantially per-
pendicular to the elastic wave propagation direction, the
length of the third dummy electrode fingers 14 1s shorter
than the lengths of the first and second dummy electrode
fingers 12 and 13. The remaining structure preferably 1s the
same as that of the first preferred embodiment. The con-
figuration of the fourth preferred embodiment may be com-
bined with a configuration in which the third dummy elec-
trode fingers 14 are partially removed.

In the fourth preferred embodiment, since the multiple
third dummy electrode fingers 14 are provided at both the
side where the second electrode fingers 35 are provided and
the side where the third electrode fingers 4a are provided, as
described above, the low loss 1s further achieved. In addi-
tion, since the length of the third dummy electrode fingers 14
1s shorter than the lengths of the first and second dummy
clectrode fingers 12 and 13 1n the direction perpendicular or
substantially perpendicular to the elastic wave propagation
direction, the size 1s reduced. Accordingly, 1t 1s possible to
achieve the low loss while reducing the size.

Fifth Preterred Embodiment

FIG. 5 1s a schematic plan view of an elastic wave
resonator according to a fifth preferred embodiment of the
present invention. In an elastic wave resonator 51 according
to the fifth preferred embodiment, a third divided resonator
1C 1s further connected in series to the second divided
resonator 1B in the direction perpendicular or substantially
perpendicular to the elastic wave propagation direction.
Specifically, in the fifth preferred embodiment, the first to
third divided resonators 1A to 1C that are divided 1n series
are provided on the piezoelectric substrate 2 1n the direction
perpendicular or substantially perpendicular to the elastic
wave propagation direction.

The third divided resonator 1C 1s defined by a third IDT
clectrode 11 and the reflectors 5 and 6 arranged at both sides
of the third IDT electrode 11 1n the elastic wave propagation
direction. The third IDT electrode 11 1s adjacent to the
second IDT electrode 4 at a side opposite to the side where
the second IDT electrode 4 1s adjacent to the first IDT
clectrode 3 1n the direction perpendicular or substantially
perpendicular to the elastic wave propagation direction. The
reflectors 5 and 6 are shared with the first and second divided
resonators 1A and 1B. The third IDT electrode 11 and the
reflectors 5 and 6 are located on the piezoelectric substrate
2.

The third IDT electrode 11 includes multiple fifth elec-
trode fingers 11a and multiple sixth electrode fingers 115.
The multiple fifth electrode fingers 11a and the multiple
sixth electrode fingers 115 extend in the direction perpen-
dicular or substantially perpendicular to the elastic wave
propagation direction. The multiple fifth electrode fingers
11a are interdigitated with the multiple sixth electrode
fingers 1154.

As 1illustrated 1n FIG. 3, 1n the present preferred embodi-
ment, one end of each of the multiple fourth electrode
fingers 45 1s not connected to the second outer busbar 8. One
end of each of the multiple fourth electrode fingers 46 1s
connected to a second mterstage busbar 10. The second
interstage busbar 10 electrically connects the adjacent sec-
ond and third IDT electrodes 4 and 11 to each other in the
direction perpendicular or substantially perpendicular to the
clastic wave propagation direction.
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One end of each of the multiple fifth electrode fingers 11a
1s connected to a side opposite to the side where the multiple
fourth electrode fingers 46 are provided of the second
interstage busbar 10.

In the present preferred embodiment, multiple fourth
dummy electrode fingers, one end of each of which is
connected to the second interstage busbar 10, are not pro-
vided at both the side where the fourth electrode fingers 45
are provided and the side where the fifth electrode fingers
11a are provided. Accordingly, it 1s possible to further
reduce the size.

One end of each of the multiple sixth electrode fingers 115
1s connected to the second outer busbar 8. The second outer
busbar 8 1s a busbar at the side different from the side of the
first outer busbar 7, 1in the busbars positioned at both
outermost sides in the direction perpendicular or substan-
tially perpendicular to the elastic wave propagation direc-
tion.

One end of each of the multiple second dummy electrode
fingers 13 1s connected to the second outer busbar 8. The
other end of each of the multiple second dummy electrode
fingers 13 1s arranged so as to oppose the corresponding fifth
clectrode finger 11a of the third IDT electrode 11 with a gap
interposed therebetween. The provision of the multiple
second dummy electrode fingers 13 significantly reduces or
prevents the external leakage of the elastic waves.

As 1llustrated 1n FIG. 3, the fifth electrode fingers 11a of
the third IDT electrode 11 are arranged on an extension to
which the fourth electrode fingers 45 of the second IDT
clectrode 4 extend with the second interstage busbar 10
interposed therebetween. In addition, the pitch of the elec-
trode fingers in a portion where the third and fourth electrode
fingers 4a and 4b are interdigitated with each other 1s equal
or substantially equal to the pitch of the electrode fingers 1n
a portion where the fifth and sixth electrode fingers 11a and
115 are interdigitated with each other. In this case, since the
adjacent second and third divided resonators 1B and 1C are
also capable of being oscillated, 1n addition to the adjacent
first and second divided resonators 1A and 1B, the low loss
1s achieved.

It 1s possible to achieve the low loss 1f the phase and the
wavelength of the elastic waves propagated through the
second IDT electrode 4 coincide with the phase and the
wavelength of the elastic waves propagated through the third
IDT electrode 11 even when the elastic wave resonator 51
does not include the above structure in which the fifth
clectrode fingers 11a are arranged on the extension to which
the fourth electrode fingers 45 extend and the pitches of the
clectrode fingers of the adjacent second and third IDT
clectrodes 4 and 11 are equal or substantially equal to each
other. The fifth preferred embodiment 1s similar to the first
preferred embodiment 1n this point.

Also 1n the fifth preferred embodiment, the first and
second dummy electrode fingers 12 and 13 are provided for
the first and second outer busbars 7 and 8, respectively.
Accordingly, 1t 1s possible to significantly reduce or prevent
the external leakage of the elastic waves to achieve the low
loss.

In addition, in the fifth preferred embodiment, the mul-
tiple fourth dummy electrode fingers are not provided at
both a side where the fourth electrode fingers 45 are pro-
vided and a side where the fifth electrode fingers 11a are
provided of the second interstage busbar 10. Accordingly,
since the dummy electrode fingers are not provided for both
of the first and second interstage busbars 9 and 10 1n the fifth
preferred embodiment, 1t 1s possible to further reduce the
s1ze. When the dummy electrode fingers are not provided for
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the first and second interstage busbars 9 and 10, the loss may
be increased. However, as described above, the low loss 1s
achieved by adopting the above configuration 1llustrated 1n
FIG. 5 1n the present preferred embodiment. Accordingly, 1t
1s possible to achieve the low loss while reducing the size.

FIG. 6 1s a circuit diagram of a ladder filter according to
a preferred embodiment of the present invention. In the
ladder filter 1llustrated in FIG. 6, series arm resonators S1 to
S5 are provided on a series arm connecting an input terminal
15 to an output terminal 16. The series arm resonator S1 1s
divided 1n series. Specifically, the series arm resonator S1 1s
divided 1nto two divided resonators S1a and S15. Similarly,
the series arm resonator S2 1s divided into two divided
resonators S2a and S2b and the series arm resonator S3 1s
divided 1nto two divided resonators S3a and S3b. The series
arm resonator S4 1s divided 1nto two divided resonators Sda
and S4b and the series arm resonator S3 1s divided 1nto three
divided resonators S3a to S3ec.

A parallel arm resonator P1 1s provided on a parallel arm
connecting a node between the series arm resonator S1 and
the series arm resonator S2 and ground potential. The
parallel arm resonator P1 1s divided into two divided reso-
nators Pla and P1b.

One end of a parallel arm resonator P2 1s electrically
connected to a node between the series arm resonator S2 and
the series arm resonator S3 and the other end of the parallel
arm resonator P2 1s commonly connected to parallel arm
resonators P3 and P4. One end of the parallel arm resonator
P3 1s connected to a node between the series arm resonators
S3 and S4 and the other end of the parallel arm resonator P3
1s commonly connected to the parallel arm resonators P2 and
P4. One end of the parallel arm resonator P4 1s connected to
a node between the series arm resonators S4 and S5 and the
other end of the parallel arm resonator P4 i1s commonly
connected to the parallel arm resonators P2 and P3. An
inductance L 1s connected between a portion where the
parallel arm resonators P2 to P4 are commonly connected
and the ground potential.

The parallel arm resonator P2 1s divided into two divided
resonators P2a and P256. Similarly, the parallel arm resonator
P3 1s divided into two divided resonators P3a and P35 and
the parallel arm resonator P4 1s divided into two divided
resonators P4a and P4b.

In the present preferred embodiment, all of the series arm
resonators S1 to S5 and the parallel arm resonators P1 to P4
are prelferably defined by one of the elastic wave resonators
according to one of the above-described preferred embodi-
ments of the present mvention. For example, the elastic
wave resonator 1 of the first preferred embodiment prefer-
ably 1s applied to the series arm resonators S1 to S4 and the
parallel arm resonators P1 to P4 and the elastic wave
resonator 51 according to the fifth preferred embodiment
preferably 1s applied to the series arm resonator S5. Accord-
ingly, the ladder filter according to the present preferred
embodiment 1s capable of achieving the low loss while
reducing the size. This will now be described 1n detail with
reference to FIG. 7.

FIG. 7 1s a graph 1illustrating attenuation-frequency char-
acteristics of the ladder filter. Referring to FIG. 7, a solid line
indicates a result of an experimental example of a ladder
filter according to one preferred embodiment of the present
invention and a broken line indicates a result of a compara-
tive example.

In the experimental example, in the ladder filter 1llustrated
in FIG. 6, the elastic wave resonator 1 of the first preferred
embodiment was applied to the series arm resonators S1 to
S4 and the parallel arm resonators P1 to P4 and the elastic
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wave resonator 51 according to the fifth preferred embodi-
ment was applied to the series arm resonator SS5.

In contrast, 1n the comparative example, an elastic wave
resonator 1n which dummy electrode fingers are provided at
both sides of an interstage busbar was applied to all the 5
resonators in the ladder filter illustrated 1n FIG. 6.

More specifically, an elastic wave resonator in which
dummy electrode fingers are provided at both sides of an
interstage busbar, i1llustrated in FIG. 8, was applied to the
series arm resonators S1 to S4 and the parallel arm resona- 10
tors P1 to P4 in the ladder filter illustrated 1n FIG. 6. An
clastic wave resonator 1n which dummy electrode fingers are
provided at both sides of each of two interstage busbars that
clectrically connect three adjacent IDT electrodes was
applied to the series arm resonator S5 although not 1llus- 15
trated in FIG. 8. The dummy electrode fingers 14 provided
for each interstage busbar 1s longer than the dummy elec-
trode fingers 12 and 13 provided for the outer busbars. The
following IDT electrode was used in the experimental
example and the comparative example. Some of the param- 20
cters of a series resonator included i a non-limiting
example preferred embodiment of the present invention 1s
illustrated below:

Intersecting width of IDT electrode: 42 um

The number of pairs of IDT electrode: 196 25

Pitch of electrode fingers: 1.97 um

Duty: 0.58

Frequency band: Bandl (1,950 MHz band)

As 1llustrated 1n FIG. 7, the ladder filter according to the
present preferred embodiment exposes substantially the 30
same attenuation-frequency characteristics as those in the
comparative example 1n which the dummy electrode fingers
are provided at both sides of all the interstage busbars
despite the fact that the size 1s reduced without providing the
dummy electrode fingers for all the interstage busbars. This 35
indicates that 1t 1s possible to reduce the size and achieve the
low loss 1n a ladder filter according to a present preferred
embodiment.

Although elastic wave resonators according to various
preferred embodiments of the present mnvention preferably 40
were applied to all the resonators 1n the ladder filter 1n the
experimental example, as described above, the eflects of
various preferred embodiments of the present invention are
achieved by applving an elastic wave resonator according to
a preferred embodiment of the present invention to at least 45
one resonator in the ladder filter.

While preferred embodiments of the present mmvention
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the 50
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. An elastic wave resonator comprising;:

a piezoelectric substrate; 55

a plurality of divided resonators that are divided 1n series

and provided on the piezoelectric substrate 1n a direc-
tion perpendicular or substantially perpendicular to an
clastic wave propagation direction and in which each of
the plurality of divided resonators includes an inter- 60
digital transducer electrode;

first and second outer busbars that are positioned at both

outermost sides 1n the direction perpendicular or sub-
stantially perpendicular to the elastic wave propagation
direction; 65

a first interstage busbar that electrically connects two

adjacent interdigital transducer electrodes to each other

14

in the direction perpendicular or substantially perpen-
dicular to the elastic wave propagation direction;

a plurality of first electrode fingers one end of each of
which 1s connected to the first outer busbar;

a plurality of second electrode fingers one end of each of
which 1s connected to the first interstage busbar and
which are interdigitated with the first electrode fingers;

a plurality of third electrode fingers one end of each of
which 1s connected to a side opposite to the side where
the plurality of second electrode fingers are provided;

a plurality of fourth electrode fingers interdigitated with
the plurality of third electrode fingers;

a plurality of first dummy electrode fingers one end of
cach of which 1s connected to the first outer busbar and
which are each arranged so as to oppose the corre-
sponding second electrode finger with a gap interposed
therebetween; and

a plurality of second dummy electrode fingers one end of
each of which 1s connected to the second outer busbar;
wherein

a plurality of third dummy electrode fingers, one end of
cach of which 1s connected to the first interstage busbar,
are not provided at at least one of a side where the
second electrode fingers are provided and a side where
the third electrode fingers are provided or the plurality
of third dummy electrode fingers having a length
smaller than lengths of the plurality of first and second
dummy electrode fingers are further provided at at least
one of a side where the second electrode fingers are
provided and a side where the third electrode fingers
are provided i the direction perpendicular or substan-
tially perpendicular to the elastic wave propagation
direction;

the third electrode fingers are arranged on an extension to
which the second electrode fingers extend with the first
interstage busbar interposed therebetween 1n the direc-
tion perpendicular or substantially perpendicular to the
clastic wave propagation direction; and

a pitch of the electrode fingers 1n a portion where the first
and second electrode fingers are interdigitated with
cach other 1s equal or substantially equal to a pitch of
the electrode fingers 1n a portion where the third and
fourth electrode fingers are interdigitated with each
other.

2. The elastic wave resonator according to claim 1,

wherein, when the interdigital transducer electrode for
which the first outer busbar i1s provided 1s a first
interdigital transducer electrode and the interdigital
transducer electrode adjacent to the first interdigital
transducer electrode 1n the direction perpendicular or
substantially perpendicular to the elastic wave propa-
gation direction 1s a second interdigital transducer
clectrode, a phase and a wavelength of elastic waves
propagated through the first interdigital transducer
clectrode coincide with a phase and a wavelength of

clastic waves propagated through the second interdigi-
tal transducer electrode.

3. An elastic wave resonator comprising:

a piezoelectric substrate;

a plurality of divided resonators that are divided 1n series
and are provided on a piezoelectric substrate 1n a
direction perpendicular or substantially perpendicular
to an elastic wave propagation direction and 1n which
cach of the plurality of divided resonators includes an
interdigital transducer electrode;
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first and second outer busbars that are positioned at both

outermost sides 1n the direction perpendicular or sub-
stantially perpendicular to the elastic wave propagation
direction;

first interstage busbar that electrically connects two
adjacent interdigital transducer electrodes to each other
in the direction perpendicular or substantially perpen-
dicular to the elastic wave propagation direction;

a plurality of first electrode fingers one end of each of

which 1s connected to the first outer busbar;

a plurahty of second electrode fingers one end of each of

which 1s connected to the first interstage busbar and
which are interdigitated with the first electrode fingers;

a plurality of third electrode fingers one end of each of

which 1s connected to a side opposite to the side where
the plurality of second electrode fingers are provided;

a plurality of fourth electrode fingers interdigitated with

the plurality of third electrode fingers;

a plurality of first dummy electrode fingers one end of

each of which 1s connected to the first outer busbar and
which are each arranged so as to oppose the corre-
sponding second electrode finger with a gap interposed
therebetween; and

a plurality of second dummy electrode fingers one end of

each of which 1s connected to the second outer busbar;
wherein

a plurality of third dummy electrode fingers one end of

cach of which 1s connected to the first interstage busbar
are not provided at at least one of a side where the
second electrode fingers are provided and a side where
the third electrode fingers are provided or the plurality
of third dummy electrode fingers having a length
smaller than lengths of the plurality of first and second
dummy electrode fingers are further provided at at least
one of a side where the second electrode fingers are
provided and a side where the third electrode fingers
are provided 1n the direction perpendicular or substan-
tially perpendicular to the elastic wave propagation
direction; and

when the interdigital transducer electrode for which the

4.

first outer busbar 1s provided 1s a first interdigital
transducer electrode and the interdigital transducer
clectrode adjacent to the first interdigital transducer
clectrode 1n the direction perpendicular or substantially
perpendicular to the elastic wave propagation direction
1s a second interdigital transducer electrode, a phase
and a wavelength of elastic waves propagated through
the first interdigital transducer electrode coincide with
a phase and a wavelength of elastic waves propagated
through the second interdigital transducer electrode.

The elastic wave resonator according to claim 3,

wherein
the third electrode fingers are arranged on an extension to

which the second electrode fingers extend with the first
interstage busbar interposed therebetween 1n the direc-
tion perpendicular or substantially perpendicular to the
clastic wave propagation direction; and

a pitch of the electrode fingers 1n a portion where the first

d.

and second electrode fingers are interdigitated with
cach other 1s equal or substantially equal to a pitch of
the electrode fingers in a portion where the third and
fourth electrode fingers are interdigitated with each
other.

The elastic wave resonator according to claim 1,

wherein the plurality of third dummy electrode ﬁngers,,

one end of each of which 1s connected to the first
interstage busbar, are not provided at both the side
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where the second electrode fingers are provided and the
side where the third electrode fingers are provided.

6. The elastic wave resonator according to claim 1,
wherein the plurality of third dummy electrode fingers,

one end ol each of which 1s connected to the first
interstage busbar, are provided at one of the side where
the second electrode fingers are provided and the side
where the third electrode fingers are provided and the
plurality of third dummy electrode fingers are not
provided at the other side of the side where the second
clectrode fingers are provided and the side where the
third electrode fingers are provided.

7. The elastic wave resonator according to claim 1,
wherein
the plurality of third dummy electrode fingers, one end of

cach of which 1s connected to the first interstage busbar,
are provided at both the side where the second elec-
trode fingers are provided and the side where the third
clectrode fingers are provided; and

a length of the plurality of third dummy electrode fingers

1s smaller than lengths of the plurality of first and
second dummy electrode fingers 1n the direction per-
pendicular or substantially perpendicular to the elastic
wave propagation direction.

8. The elastic wave resonator according to claim 1,
wherein
one end of each of the plurality of fourth electrode fingers

1s connected to the second outer busbar; and

the other end of each of the plurality of second dummy

clectrode fingers at a side where the plurality of second
dummy electrode fingers are not connected to the
second outer busbar 1s arranged so as to oppose the
corresponding third electrode finger with a gap inter-
posed therebetween.

9. The elastic wave resonator according to claim 1, further
comprising;
a second 1nterstage busbar to which one end of each of the

plurality of fourth electrode fingers 1s connected and
which electrically connects two adjacent interdigital
transducer electrodes to each other in the direction
perpendicular or substantially perpendicular to the elas-
tic wave propagation direction;

a plurality of fifth electrode fingers one end of each of

which 1s connected to a side opposite to the side where
the plurality of fourth electrode fingers of the second
interstage busbar are provided; and

a plurality of sixth electrode fingers interdigitated with the

plurality of fifth electrode fingers; wherein

a plurality of fourth dummy electrode fingers, one end of

cach of which 1s connected to the second interstage
busbar, are not provided at at least one of a side where
the fourth electrode fingers of the second interstage
busbar are provided and a side where the fifth electrode
fingers of the second interstage busbar are provided or
the plurality of fourth dummy electrode fingers having
a length smaller than lengths of the plurality of first and
second dummy electrode fingers are further provided at
at least one of a side where the fourth electrode fingers
of the second interstage busbar are provided and a side
where the fifth electrode fingers of the second inter-
stage busbar are provided 1n the direction perpendicular
or substantially perpendicular to the elastic wave
propagation direction.

10. The elastic wave resonator according to claim 9,

65 wherein

the fifth electrode fingers are arranged on an extension to

which the fourth electrode fingers extend with the
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second 1interstage busbar interposed therebetween in
the direction perpendicular or substantially perpendicu-
lar to the elastic wave propagation direction; and

a pitch of the electrode fingers 1n a portion where the third
and fourth electrode fingers are interdigitated with each
other 1s equal or substantially equal to a pitch of the
clectrode fingers 1n a portion where the fifth and sixth
clectrode fingers are interdigitated with each other.

11. The elastic wave resonator according to claim 9,

wherein, when the interdigital transducer electrode for
which the first outer busbar 1s provided 1s a first
interdigital transducer electrode, the interdigital trans-
ducer electrode adjacent to the first interdigital trans-
ducer electrode 1n the direction perpendicular or sub-
stantially perpendicular to the elastic wave propagation
direction 1s a second interdigital transducer electrode,
and the interdigital transducer electrode adjacent to the
second interdigital transducer electrode at a side oppo-
site to the side where the second interdigital transducer
clectrode 1s adjacent to the first interdigital transducer
clectrode 1n the direction perpendicular or substantially
perpendicular to the elastic wave propagation direction
1s a third interdigital transducer electrode, a phase and
a wavelength of elastic waves propagated through the
second interdigital transducer electrode coincide with a
phase and a wavelength of elastic waves propagated
through the third interdigital transducer electrode.

12. The elastic wave resonator according to claim 9,

wherein

one end of each of the plurality of sixth electrode fingers
1s connected to the second outer busbar; and

the other end of each of the plurality of second dummy
clectrode fingers at a side where the plurality of second
dummy electrode fingers are not connected to the
second outer busbar i1s arranged so as to oppose the
corresponding fifth electrode finger with a gap inter-
posed therebetween.

13. A ladder filter comprising;:

a plurality of series arm resonators provided on a series
arm connecting an input terminal to an output terminal;
and

a plurality of parallel arm resonators provided for a
plurality of parallel arms connecting the series arm to
a ground potential; wherein

at least one resonator of the plurality of series arm
resonators and the plurality of parallel arm resonators 1s
the elastic wave resonator according to claim 1.

14. The elastic wave resonator according to claim 3,
wherein the plurality of third dummy electrode fingers, one
end of each of which i1s connected to the first interstage
busbar, are not provided at both the side where the second
clectrode fingers are provided and the side where the third
clectrode fingers are provided.

15. The elastic wave resonator according to claim 3,
wherein the plurality of third dummy electrode fingers, one
end of each of which 1s connected to the first interstage
busbar, are provided at one of the side where the second
clectrode fingers are provided and the side where the third
clectrode fingers are provided and the plurality of third
dummy electrode fingers are not provided at the other side
of the side where the second electrode fingers are provided
and the side where the third electrode fingers are provided.

16. The elastic wave resonator according to claim 3,
wherein

the plurality of third dummy electrode fingers, one end of
cach of which 1s connected to the first interstage busbar
are provided at both the side where the second elec-
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trode fingers are provided and the side where the third
clectrode fingers are provided; and

a length of the plurality of third dummy electrode fingers
1s smaller than lengths of the plurality of first and
second dummy electrode fingers in the direction per-
pendicular or substantially perpendicular to the elastic
wave propagation direction.

17. The elastic wave resonator according to claim 3,

wherein

one end of each of the plurality of fourth electrode fingers
1s connected to the second outer busbar; and

the other end of each of the plurality of second dummy
clectrode fingers at a side where the plurality of second
dummy electrode fingers are not connected to the
second outer busbar 1s arranged so as to oppose the
corresponding third electrode finger with a gap inter-
posed therebetween.

18. The elastic wave resonator according to claim 3,

further comprising:

a second interstage busbar to which one end of each of the
plurality of fourth electrode fingers is connected and
which electrically connects two adjacent interdigital
transducer electrodes to each other in the direction
perpendicular or substantially perpendicular to the elas-
tic wave propagation direction;

a plurality of fifth electrode fingers one end of each of
which 1s connected to a side opposite to the side where
the plurality of fourth electrode fingers are provided;
and

a plurality of sixth electrode fingers interdigitated with the
plurality of fifth electrode fingers; wherein

a plurality of fourth dummy electrode fingers, one end of
cach of which 1s connected to the second interstage
busbar, are not provided at at least one of a side where
the fourth electrode fingers are provided and a side
where the fifth electrode fingers of the second inter-
stage busbar are provided or the plurality of fourth
dummy electrode fingers having a length smaller than
lengths of the plurality of first and second dummy
clectrode fingers are further provided at at least one of
a side where the fourth electrode fingers are provided
and a side where the fifth electrode fingers of the
second 1nterstage busbar are provided 1n the direction
perpendicular or substantially perpendicular to the elas-
tic wave propagation direction.

19. The elastic wave resonator according to claim 18,

wherein

the fifth electrode fingers are arranged on an extension to
which the fourth electrode fingers extend with the
second 1interstage busbar interposed therebetween in
the direction perpendicular or substantially perpendicu-
lar to the elastic wave propagation direction; and

a pitch of the electrode fingers 1n a portion where the third
and fourth electrode fingers are interdigitated with each
other 1s equal or substantially equal to a pitch of the
clectrode fingers 1n a portion where the {ifth and sixth
clectrode fingers are interdigitated with each other.

20. A ladder filter comprising:

a plurality of series arm resonators provided on a series
arm connecting an input terminal to an output terminal;

and

a plurality of parallel arm resonators provided for a
plurality of parallel arms connecting the series arm to
a ground potential, wherein
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at least one resonator of the plurality of series arm
resonators and the plurality of parallel arm resonators 1s
the elastic wave resonator according to claim 3.
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